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(54) DIESEL ENGINE EXHAUST GAS PURIFYING DEVICE 
(57)Abstract: 

PURPOSE: To improve purifying efRclency for exhaust 
gas while preventing increase of pressure loss caused by 
adhesion of soot and lowering of engine efficiency by 
applying oxidation decomposition to soot stuck on the 
filter element of a collective ceramic filter by plasma 
treatment. 

CONSTITUTION: A casing 5 having the Inlet 3 of 
exhaust gas and the outlet 4 of purifying gas is 
connected to the exhaust duct 2 of a diesel engine. A 
ceramic filter 6 is arranged inside the casing 5, and also 
plasma treatment electrodes 8, 9 are arranged , 
respectively in vertical direction in a filter element 7, 
Discharge interposed the filter element 7 as dielectric is 
generated by applying a high frequency voltage and the 
like from A.C. power supply between each plasma 
treatment electrode 8, 9. And plasma and radical which 
is rich to reaction of oxidizing performance and reducing 
performance are generated in association with 
discharging so as to discharge soot stuck on the filter 
element 7 as 002 or CO. 
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(54) DIESEL ENGINE EXHAUST GAS PURIFYING DEVICE 

(57)Abstract: 

PURPOSE: To improve purifying efficiency for exhaust gas 
while preventing increase of pressure loss caused by adhesion 
of soot and lowering of engine efficiency by applying oxidation 
decomposition to soot stuck on the filter element of a 
collective ceramic filter by plasma treatment. 
CONSTITUTION: A casing 5 having the inlet 3 of exhaust gas 
and the outlet 4 of purifying gas is connected to the exhaust 
duct 2 of a diesel engine. A ceramic filter 6 is arranged inside 
the casing 5, and also plasma treatment electrodes 8, 9 are 
arranged respectively in vertical direction in a filter element 7. 
Discharge interposed the filter element 7 as dielectric is 
generated by applying a high frequency voltage and the like 
from AC. power supply between each plasma treatment 
electrode 8, 9. And plasma and radical which is rich to reaction 
of oxidizing performance and reducing performance are 
generated in association with discharging so as to discharge 
soot stuck on the filter element 7 as C02 or CO. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Form the ceramic filter which consists of a filter element of a porosity ceramic in the interior of 
casing which has the inlet port of exhaust gas and the outlet of clarification gas containing soot so that a gas 
stream may be interrupted, and it pinches this filter element. It arranges after insulating mutually 2 sets of 
the plasma treatment electrode which consists of at least one electrode element of the structure which does 
not bar the flow of gas. The diesel -power-plant exhaust gas purge characterized by preparing the AC power 
supply for connecting with both this plasma treatment electrode, and impressing alternating voltage 
between them, and making both plasma treatment inter-electrode generate discharge through the at least 1 
section of this filter element. 

[Claim 2] The diesel-power-plant exhaust gas purge according to claim 1 characterized by consisting of the 
electrode element of either the wire gauze at which both the above-mentioned plasma treatment electrode 
approached the above-mentioned ceramic filter, and was prepared in the upstream and downstream thru/or 
a perforated plate. 

[Claim 3] While this ceramic filter consists of many long and slender gas-passageway groups by 
honeycomb structure It is blockaded in the lock out section which the upper edge and down-stream edge of 
the gas passageway become ft-om a ceramic by turns. It is divided into the upstream gas-passageway group 
which was open for firee passage to the upstream, and the downstream gas-passageway group which was 
open for free passage to the downstream. A diesel-power-plant exhaust gas purge given in any 1 term of 
claims 1 or 2 characterized by being the honeycomb mold ceramic filter with which the septum between the 
****** ring main path constituted the above-mentioned filter element. 

[Claim 4] It is exhaust air gas cleanup **** of the diesel power plant according to claim 3 characterized by 
for that [ one ] consisting of the electrode element of either the wire gauze formed in this by approaching at 
the upstream of the lock out edge of the above-mentioned honeycomb mold ceramic filter thru/or a 
perforated plate, and consisting of the wire-like electrode element with which another side was inserted 
from the downstream to the back at this downstream gas-passageway group of the above-mentioned 
honeycomb mold ceramic filter among the 2 above-mentioned sets of plasma treatment electrodes. 
[Claim 5] The exhaust gas purge of the diesel power plant according to claim 3 characterized by consisting 
of the electrode element of the shape of a wire arremged so that one side might be located near tiie inlet port 
of the upstream gas-passageway group of the above-mentioned honeycomb mold ceramic filter in a 
downstream point among the 2 above-mentioned sets of plasma treatment electrodes, and consisting of the 
wire-like electrode element with which another side was inserted from the downstream into this 
downstresim gas-passageway group. 

[Claim 6] It consists of an electrode element of the shape of a wire arranged so that one side might be 
located near [ each ] the inlet port of this upstream gas-passageway group of the above-mentioned 
honeycomb mold ceramic filter in a downstream point among the 2 above-mentioned sets of plasma 
treatment electrodes. It consists of the wire-like electrode element with which another side was inserted in 
this downstream gas-passageway group from the downstream. And the exhaust gas purge of the diesel 
power plant according to claim 5 characterized by establishing an insertion / extract means to insert and 
extract the wire-like electrode element of this upstream processing electrode from the inlet port of this 
upstream gas passageway where the tip counters, respectively to in this gas passageway. 
[Claim 7] The exhaust gas purge of the diesel power plant according to claim 3 characterized by consisting 
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of the wire-like electrode eleni^^ith which one side was inserted from^^pstream to the back among 
the 2 above-mentioned sets of plasma treatment electrodes into this upstream gas-passageway group of the 
above-mentioned honeycomb mold ceramic filter, and consisting of the wire-like electrode element with 
which another side was inserted from the downstream to the back into this downstream gas-passageway 
group. 

[Claim 8] The exhaust gas piirge of the diesel power plant according to claim 3 characterized by carrying 
out opposite arrangement of the electrode element of each other which consists of the wire-like electrode 
element with which the both sides of the 2 above-mentioned sets of plasma treatment electrodes were 
inserted from the downstream into this downstream gas-passageway group, and belongs to the plasma 
treatment electrode of both groups through the one above-mentioned upstream gas passageway. 
[Claim 9] The exhaust gas purge of a diesel power plant given in any 1 term of claims 1-8 characterized by 
**** whose above-mentioned AC power supply is a RF high voltage power supply which generates the 
output voltage peak value of 3kV or more, and the RF high voltage with an output frequency of 5kHz or 
more. 

[Claim 10] The exhaust gas purge of a diesel power plant given in any 1 term of claims 1-8 characterized 
by **** whose above-mentioned AC power supply is a high-pressure pulse power source which generates 
the output voltage peak value of 5kV or more, and the pulse-like high voltage with an output frequency of 
50Hz or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention by carrying out low temperature oxidation of the soot by which 
uptake was carried out, and gasifying it by the discharge plasma, at the same time it carries out uptake of 
the soot contained in combustion exhaust gas, especially the exhaust gas from a diesel power plant 
efficiently using a ceramic filter In an operation of the radical which prevents clogging of this ceramic 
filter, and prevents the increment in the pressure loss of the filter produced with soot, and the above- 
mentioned plasma generates, it oxidizes thru/or returns, gaseous pollutants, such as NOx in this exhaust 
gas, are also removed, and it is related with the equipment which prevents air pollution. 
[0002] 

[Description of the Prior Art] When carrying out uptake of the soot in the exhaust gas of a diesel power 
plant using a ceramic filter conventionally, with the soot which carried out uptake, a lifting and its pressure 
loss are remarkable in a short time, a filter will increase clogging, and engine effectiveness will fall. 
[0003] Therefore, the burner was put on the upstream of a ceramic filter, or the heater was put into the 
ceramic filter itself, the soot which carried out uptake was gasified by combustion, and clogging is 
prevented. 

[0004] However, it is difficult to bum homogeneity in this case, and into the part which burned first, an 
inflow and the amount of supply oxygen will increase [ more gas ], its rate of combustion will increase by 
ventilation resistance reduction, and much gas will flow increasingly. As a result, superfluous heat of 
combustion occxirred in the part there, the abnormality rise of temperature took place, the ceramic filter was 
worn out, and the life was shortened remarkably. 

[0005] Moreover, the method of the exhaust gas of a diesel power plant being and using a catalyst for 
removal of NOx which is the problem of a paralysis convex is taken. 

[0006] However, the efficient and long lasting NOx removal catalyst over the diesel-power-plant exhaust 
air containing soot was not yet completed, but when the ceramic filter for the account soot uptake of very 
best and catalyst were used for the duplex, the pressure loss of an exhaust side increased increasingly, and 
the decline in engine efficiency was not avoided. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is always preventing that clogging 
without overheating and damage on a filter by oxidizing uniformly the soot by which uptake was carried 
out to the ceramic filter for soot uptake at low temperature. 

[0008] Moreover, other purposes are removing the gaseous pollutant in exhaiist gas, especially NOx to 

coincidence. 

[0009] 

[Means for Solving the Problem] The diesel-power-plant exhaust gas purge of this invention Connect with 
the jet pipe of a diesel power plant, and casing which has the inlet port of exhaust gas and the outlet of 
clarification gas containing soot is prepared. Form a ceramic filter so that a gas stream may be intermpted 
to the interior, and the filter element of ttiis ceramic filter is pinched. It arranges after insulating mutually 2 
sets of the plasma treatment electrode which consists of at least one electrode element of the structure 
which does not bar the flow of gas. The AC power supply for connecting with both this plasma treatment 
electrode, and impressing alternating voltage between them is prepared, and it makes both plasma treatment 
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inter-electrode generate disch^^through the at least 1 section of this filtfl^ement 
[0010] In this case, both the above-mentioned plasma treatment electrode approaches the above-mentioned 
ceramic filter, and prepares and constitutes the electrode element of a wire gauze thru/or a perforated plate 
in that upstream and downstream. 

[001 1] Moreover, it is divided into the upstream gas-passageway group which it was blockaded by turns 
and the upper edge and down-stream edge of this gas passageway opened for free passage to the upstream 
as the above-mentioned ceramic filter while consisting of many long and slender gas-passageway groups 
by honeycomb structure, and the downstream gas-passageway group which was open for free passage to 
the downstream if needed. While using the honeycomb mold ceramic filter with which the septum between 
the ****** ring main path constitutes the above-mentioned filter element An upstream electrode is 
constituted from an electrode element of either the wire gauze formed in the upstream of the lock out edge 
of the above-mentioned honeycomb mold ceramic filter by approaching with this thru/or a perforated plate 
among the 2 above-mentioned sets of plasma treatment electrodes. Moreover, a downstream electrode 
consists of wire-like electrode elements inserted in this downstream gas-passageway group of the above- 
mentioned honeycomb mold ceramic filter from the downstream. 

[0012] Or an upstream processing electrode is carried out among the 2 above-mentioned sets of plasma 
treatment electrodes in this case as [ locate / that downstream point / carry out the arrangement 
configuration of the wire-like electrode element, and / at the upstream of the above-mentioned honeycomb 
mold ceramic filter / near the inlet port of this upstream gas-passageway group ], and a downstream 
processing electrode inserts and constitutes a wire-like electrode element from the downstream in this 
downstream gas-passageway group. 

[0013] In this case, insertion / extract means for inserting and extracting the wire-like electrode element of 
the above-mentioned upstream polar zone from the inlet port of this upstream gas passageway where that 
tip counters, respectively to in this gas passageway if needed is established. 

[0014] or it constitutes from a wire-like electrode element which boiled the upstream processing electrode 
among the 2 above-mentioned sets of plasma treatment electrodes if needed in this upstream gas- 
passageway group of the above-mentioned honeycomb mold ceramic filter, and was inserted from the 
upstream, and a downstream processing electrode consists of wire-like electrode elements inserted from the 
downstream into this downstream gas-passageway group. 

[0015] Or it is made for the electrode element which inserts a wire-Uke electrode element, and constitutes 
the both sides of the 2 above-mentioned sets of plasma treatment electrodes from the downstream in this 
downstream gas-passageway group if needed, and belongs to the plasma treatment electrode of the both 
sides to counter through one upstream gas passageway mutually. 

[0016] Moreover, as the above-mentioned AC power supply, the peak value of output voltage is an object 
using the RF high voltage power supply which generates 3kV or more and the RF high voltage with an 
output frequency of 5kHz or more. 

[0017] Or the high-pressure pulse power source which generates the output voltage peak value of 5kV or 
more and the pulse-like high voltage with an output frequency of 50Hz or more as the above-mentioned 
AC power supply is used if needed. 
[0018] 

[Function] Discharge is generated through the filter element to which alternating voltage was impressed 
continuously or intermittently among the 2 above-mentioned sets of plasma treatment electrodes, and the 
soot of a ceramic filter adhered. By carrying out low temperature oxidation of the soot by the radical 
generated in a plasma chemistry operation of this discharge, it gasifies and removes and clogging of the 
above-mentioned filter element with soot is prevented. By this, the pressure loss of this ceramic filter is 
always kept low, and the degradation of a diesel power plant is prevented. 

[0019] In an operation of the above-mentioned radical, it oxidizes or returns, gaseous pollutants, such as 
NOx contained in exhaust gas, are also removed to coincidence, and the exhaust gas of a diesel power plant 
is purified. 
[0020] 

[Example] Drawing 1 shows drawing of longitudinal section of an example 1 showing the fundamental 
concept of this invention. A ceramic filter 6 is arranged so that a gas stream may be interrupted inside the 
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casing 5 which intervened in pipe 2 of a diesel power plant, and co^lfeted the gas inlet 3 and the gas 

outlet 4. however, the shape of tabular [ to which this ceramic filter 6 uses a porosity ceramic as a filter 
element ], the letter of a pleat, and a honeycomb and cylindrical ** - the general ceramic filter of all 
suitable configuration and structures is shown typically. 

[0021] The upstream plasma treatment electrode 8 and the downstream plasma treatment electrode 9 which 
consist of electrode elements (for example, a wire gauze, a metal perforated plate, metal blind, etc.) of the 
structure of allowing passage of gas the upstream and the downstream of the filter element 7 of this ceramic 
filter 6 are prepared, and the RF high voltage or a high-pressure pulse voltage is impressed continuously or 
intermittently between them than AC power supply 10. 

[0022] As a result, the discharge between which the above-mentioned filter element 7 was made to be 
placed as a dielectric among both the plasma treatment electrodes 8 and 9 occurs. This discharge takes the 
gestalt of silent discharge and void discharge all over the opening inside [ filter element 7 ] this in the gas 
space between these plasma treatment electrodes 8 and 9 and the firont face of this filter element 7, and 
although all of electron temperature are very high, ionic temperature generates the low low-temperature 
plasma (it is also called nonequilibrium plasma), and makes to abundance the radical which is rich in the 
reactivity of an oxidizing quality and reducibility. 

[0023] Low temperature oxidation of the soot which adhered to the inlet face and internal opening of the 
above-mentioned filter element 7 by this radical is carried out, it is discharged as C02 thru/or CO, and as a 
result, the filter element 7 of the above-mentioned ceramic filter 6 is always maintained at clarification, and 
can keep pressure loss low. By this radical, it is oxidized thru/or retumed and gaseous pollutants, such as 
NOx in exhaust gas, are removed by coincidence. 

[0024] The perspective view of the honeycomb mold ceramic filter 1 1 which already described drawing 2 , 
and drawing Ji are drawings of longitudinal section of the principal part of an example 12 which carried out 
this invention using this. This filter has honeycomb structure and has the long and slender gas-passageway 
group 14 of a large number separated by the porosity ceramic septum 13. 

[0025] These gas-passageway groups 14 are divided into the upstream gas-passageway group 17 which is 
open for fi-ee passage to the upstream and by which it was blockaded by adjacency ****** ^he upper 
edge and down-stream edge by the lock out section 15 made from an upstream ceramic, and the lock out 
section 16 made from a downstream ceramic, and the down-stream edge was blockaded, and the 
downstream gas-passageway group 18 which is open for free passage to the downstream and by which the 
upstream was blockaded. 

[0026] And exhaust gas advances from the upstream opening 19 into this upstream gas-passageway group 
17, passes this porosity ceramic septum 13 that constitutes the above-mentioned filter element 7, enters in 
this downstream gas-passageway group 18, and is discharged from the downstream opening 20. Soot 
adheres all over the internal opening with tiie inlet face of this ceramic septum 13. 

[0027] 8 is an upstream plasma treatment electrode which uses as an electrode element the wire gauze 21 
which approached the upstream of the above-mentioned lock out section 14 made from an upstream 
ceramic with this, and was formed in it. Moreover, 9 is a downstream plasma treatment electrode which 
uses as an electrode element the wire 22 inserted from the downstream opening 20 to the back into the 
above-mentioned downstream gas-passageway group 18. 

[0028] If the RF high voltage or a high-pressure pulse voltage is now impressed continuously or 
intermittentiy from AC power supply 10 among both the plasma treatment electrodes 8 and 9 Intervene the 
about 19 upstream opening parts of the above-mentioned lock out section 15 made from an upstream 
ceramic which is a dielectric, and this ceramic septum 13 between the upstream point 23 of this wire 
electrode element 22, and this wire gauze electrode element 22, and silent discharge occurs. The radical 
which this generated advances into each upstream gas-passageway group 17 from this upstream opening 
19, low temperature oxidation of the soot which adher^ all over the inlet face and intemal gap of this 
ceramic septum 13 is carried out, and it is removed. Moreover, gaseous pollutants including NOx in 
exhaust gas are oxidized and retumed, and are removed. 

[0029] Drawin g 4 is drawing of longitudinal section of the principal part of a different example 24 from 
drawing 3 of this invention, the upstream plasma treatment electrode 8 consists of a wire electrode element 
25 in this example, and the downstream point 26 is located near the opening core of the above-mentioned 
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upstream opening 19. The n d functions of an element from 12 to lIKther 23 are the same as that 

of the element of the same number in the example 12 of drawing 3 . 

[0030] If the above-mentioned altemating voltage is impressed from AC power supply 10 among two 
electrodes 8 and 9, silent discharge occurs between this upstream point 26 and the downstream point 23, 
oxidation of soot will start first in generation and the upstream opening 19 neighborhood, and a radical will 
reach the interior of the upstream gas passageway 17 serially. In order to help the operation, if there is an 
insertion / extract means to insert in the interior of the above-mentioned upstream gas passageway 17 this 
wire electrode element of the plasma treatment electrode 8 which is not shown in drawing, and to extract it, 
and this upstream point 26 is serially advanced with advance of oxidation removal of soot and removal of 
soot divides, this will be extracted in the location of a basis. 

[0031] In addition, it is as having already described that gaseous pollutants including NOx are also 
removed in an operation of a radical in this case. 

[0032] Drawin g.^ is drawing of longitudinal section of the principal part of a different example 27 from 
drawing,! of this invention, and drawing 4 , and the upstream plasma treatment electrode 8 consists of a 
wire electrode element 25 like drawing 4 . However, in this example, this wire electrode element 25 is 
inserted from the upstream to the back into this upstream gas-passageway group 17, and has coxmtered 
through the wire electrode element 22 and this porosity septum 13 of the downstream plasma treatment 
electrode 9 which were inserted from the downstream to the back into this downstream gas-passageway 
group 18. The names and frinctions of an element from 8 to the other 25 are the same as that of the element 
of the same nxmiber in the examples 12 and 24 of drawing 3 and drawin g 4 . 

[0033] When the above-mentioned altemating voltage is now supplied from AC power supply 10 among 
two electrodes 8 and 9, it is as having already described that discharge occurs through this porosity septum 
13 between both the above-mentioned wire electrode element 22 and 25, and the soot which adhered in the 
inlet face of this septum and the intemal opening is removed, and gaseous pollutants including NOx are 
also removed. 

[0034] Drawin g 6 is drawing of longitudinal section of the principal part of a different example 28 from 
drawing 3 of this invention, drawin g 4 , and drawing 4 . this example — any of 2 sets of plasma treatment 
electrodes 9 and 29 ~ although ~ it consisted of wire electrode elements 22 and 30 inserted from the 
downstream to the back into this downstream gas-passageway group 1 8, and both the wire electrode 
elements 22 and 30 have countered in the middle tiirough this porosity ceramic septum 13 of one upstream 
gas passageway 14 and its both sides, respectively, the names and ftmctions of an element from 9 to the 
other 22 ~ drawing 3 and drawing 4 ~ it is the same as that of the element of the same number in the 
examples 12, 24, and 28 to call. 

[0035] When the above-mentioned altemating voltage is now impressed from AC power supply 10 among 
both the plasma treatment electrodes 9 and 29, it is as above-mentioned that silent discharge occurs through 
this porosity ceramic septum 13 of this upstream gas passageway 14 inserted into these and its both sides, 
and soot and a gaseous pollutant are removed among both the above-mentioned wire electrode elements 22 
and 30. 
[0036] 

[Effect] Since this invention is as above-mentioned, oxidization decomposition of the soot adhering to the 
inlet face and intemal opening of a filter element of a ceramic filter is always carried out by the plasma 
treatment by discharge, the rise by soot adhesion of the pressure loss can be prevented, and the degradation 
of a diesel power plant can be prevented, and the life of a ceramic filter can be maintained for a long time. 
[0037] Moreover, gaseous pollutants including NOx contained in coincidence in diesel-power-plant 
exhaust gas can be oxidized and returned by plasma treatment, this can be removed, and purification of 
very economical diesel-power-plant exhaust gas can be attained. 
[0038] 

[Translation done.] 
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